IgG4-related disease (IgG4-RD) and Castleman's disease (CD) share similar clinical manifestations. When the histopathology coincides with the diagnosis of both IgG4-RD and CD, it is hard to depart the two disease entities utterly; here we call it IgG4-CD provisionally. In this study, we aim to review the clinical features of IgG4-CD. This study is based on a retrospective analysis of a prospectively acquired database. IgG4-CD was defined histopathologically in patients who fulfilled the diagnosis of both IgG4-RD and CD. Forty-five definite IgG4-RD and 16 multicentric CD (MCD) patients were recruited as controls. Clinical features including organ involvement, serum IgG4, IgG, IgE, ESR, CRP, and IL-6 levels were collected and analyzed. Fifteen patients (2.8%) out of 534 patients with IgG4-RD in China's largest prospective IgG4-RD and Mimicry cohort fulfilled the definition of IgG4-CD. There were 14 males and 1 female, whose mean age was 47 ± 18 years old, and the median disease duration before diagnosis was 12 (1-132) months. Eight patients have allergic disease history. IgG4-CD patients had more lymph node involvement (100 vs 57.8%, P < 0.01), while IgG4-RD patients had more submandibular (33.3 vs 77.1%, P < 0.01) and parotid gland (13.3 vs 40.9%, P < 0.05) affected. IgG4-CD patients had significantly higher levels of ESR, CRP, IgG, IgG1, IgG3, IgG4, and IgE than IgG4-RD patients. Compared with MCD patients, IgG4-CD patients showed higher incidence of salivary gland and paranasal sinus involvement, higher hemoglobin, eosinophil count, serum IgG4 level and IgG4/IgG ratio, and lower CRP, IL-6 levels, and IgG1/IgG, IgG2/IgG ratio. All patients with IgG4-CD exhibited relatively favorable outcomes. Both IgG4-RD and CD can involve multiple organs. There are a small group of patients who had clinical and pathological characteristics of both CD and IgG4-RD showed better clinical outcome. In the long-term prognosis of these patients, the relationship of CD and IgG4-RD is waiting to be further elucidated.
Introduction
Immunoglobulin G4-related disease (IgG4-RD) is a relatively recently described disease category which affects multiple organs, including the lacrimal gland, salivary gland, parotid gland, lung, pancreas, and retroperitoneum [1, 2] . Diagnosis of IgG4-RD requires a combination of clinical manifestations, serological evidence, and histological performances. Histology is the mainstay of diagnosis, which is characterized by dense immunoglobulin G4 (IgG4)-positive lymphocytes and plasmacyte infiltration, obliterating phlebitis and storiform fibrosis.
Castleman's disease (CD) is an atypical lymphoproliferative disorder, which can be classified into three types: plasma cell, hyaline vascular, and their mixture. Plasma cell and mixed types frequently have systemic manifestations, which termed multicentric Castleman's disease (MCD). Patients with MCD often have abnormal laboratory findings, such as hypergammaglobulinemia, elevated C-reactive protein (CRP), interleukin (IL)-6, and vascular endothelial growth factor (VEGF) levels [3] [4] [5] .
It is widely accepted that a diagnosis of IgG4-RD can be made under a premise of ruling out a series of diseases including CD. Actually, sometimes it is really hard to separate the two diseases. In some cases with CD, the histopathological findings, such as IgG4-positive plasma cell infiltrations, are also evident [6] [7] [8] . Otherwise, IgG4-RD may pathologically exhibit CD-like features. Hence, when the pathological performance meets the diagnosis of both IgG4-RD and CD (IgG4-CD) simultaneously, how can we differentiate the two disease entities? Is it IgG4-related CD or Bsecondary^IgG4-RD of MCD? Do the clinical course and treatment response differ from those of IgG4-RD or MCD? To our knowledge, no comparative study between IgG4-CD and IgG4-RD, or IgG4-CD and MCD has yet been published. In this study, therefore, we attempted to determine the clinical differences between these three groups of patients using clinical data.
Patients and clinical data
A multidisciplinary collaborative prospective cohort study of IgG4-RD and Mimicry patients has been conducted in Peking Union Medical College Hospital (PUMCH, Beijing, China) since January 2011. This study complied with the Declaration of Helsinki and was approved by the Human and Animal Ethics Review Committees of PUMCH, China. All patients signed written informed consent. Of this 534 patients' cohort, 15 consecutive patients fulfilled the definition of IgG4-CD. Forty-five definite IgG4-RD patients were enrolled as control. All patients visited the doctors regularly at first and every 3-month intervals. Four-to 6-month follow-up intervals were recommended for patients with long-term stable disease. Up to September 2017, all these patients were followed up over 3 months [30 (3-60 months)].
Patients were diagnosed as definite IgG4-RD according to the 2011 comprehensive diagnostic criteria for IgG4-RD [9] . IgG4-CD were defined histopathologically in patients who fulfilled the criteria of IgG4-RD (IgG4+ plasmacytes > 10/ HPF, IgG4/IgG+ plasmacytes > 40%) by pathological features of CD such as atrophic germinal center, mature plasma cell sheet-like proliferation, hyaline vascular lesion, and enlargement of interfollicular area.
Sixteen patients who were diagnosed as plasma cell type MCD without concurrent IgG4-RD were also recruited for comparative analysis. All MCD patients were human immunodeficiency virus (HIV) seronegative, three of them recorded human herpes virus 8 (HHV-8) seronegative, the resting 13 patients had not documented HHV-8 results.
Patients with the following conditions were excluded: infections, malignancies, hypereosinophilic syndromes, and primary vasculitides such as granulomatosis with polyangiitis.
Clinical data and laboratory parameters including complete blood count (CBC), liver and renal function tests, erythrocyte sedimentation rate (ESR), CRP, serum immunoglobulin, IgG subclasses, total IgE, and serum IL-6 (chemiluminescence, SIEMENS) levels were collected. Organ involvements were defined by physical examination or imaging findings including computed tomography (CT), or magnetic resonance imaging (MRI), or positron emission tomography/computed tomography (PET-CT). Using the definitions of the European Academy of Allergy and Clinical Immunology [10] , we classified the subjects as either allergic or non-allergic.
Disease relapse was recorded as previously described. In brief, clinical relapse was defined as clinical symptoms recurring or imaging findings getting worsened with or without IgG4 level increasing, and serological relapse was defined as serum IgG4 level getting elevated and IgG4-RD responder index [11] increasing ≥ 1 after improvement with treatment, without recurring clinical symptoms or worsened imaging findings. Overall relapse rate during follow-up embraced both clinical and serological relapses.
Statistical analysis
Continuous variables are described in the standard statistics, including mean and standard deviation. All data were tested for normality and homoscedasticity, then subjected to a Kruskal-Wallis test for data with non-normal distribution or one-way ANOVA for data with normal distribution to determine differences among three groups. All statistical analyses were performed by SPSS version 20.0. A P value < 0.05 was considered statistically significant.
Results

General features of IgG4-CD patients
Fifteen patients (2.8%) fulfilled the diagnosis of IgG4-CD in this study, there were 14 males and 1 female, whose mean age was 47 ± 18 years old, and the median disease duration before diagnosis was 12 (1-132) months. Eight patients had allergic history, including allergic dermatitis (3/8), asthma (3/8), allergic rhinitis (1/8), and drug allergy (1/8). Detailed patient profiles are summarized in Table 1 . Eleven patients had lymph node (LN) biopsy. The other four patients got pathological specimen at the following sites: submandibular gland plus LN (Nos. 2/3/13) and stomach plus LN (No. 10). Histological examination of HE staining was performed in all tissue samples, as well as immunohistochemical staining with anti-CD3, anti-CD38, anti-CD138, anti-CD20, anti-CD21, anti-IgG, and antiIgG4 mAb. In all cases, massive lymphocytes and plasma cell infiltration were revealed. IgG4-CD patients were all plasma cell type CD pathologically. The pathological results are shown in Table 2 . 
Presenting symptoms and organ involvements
The mean age and male/female ratio of control IgG4-RD and MCD patients were 51 ± 14 and 48 ± 15 years, and 32:13 and 9:7, respectively. As for the presenting symptoms, lymph node enlargement was most common in IgG4-CD patients, while parotid gland enlargement was prominent in IgG4-RD patients, whereas fever was the most remarkable presenting symptom in MCD patients (P < 0.05) (Fig. 1a) .
In terms of organs affected, 100% of IgG4-CD and MCD patients, while 58% of IgG4-RD patients had lymphadenopathy. Submandibular and parotid gland involvements were outstanding features of IgG4-RD patients, compared with the other two groups (Fig. 1b) .
Laboratory findings
Summaries of laboratory findings are shown in Table 3 . Compared with pure IgG4-RD patients, IgG4-CD patients showed significantly elevated ESR, CRP, IgG, IgG1, IgG3, IgG4, and IgE levels; compared with MCD patients, IgG4-CD patients had higher HGB, eosinophil (Eos), IgG4 levels, and IgG4/IgG ratio, while lower CRP, IL-6 levels, and IgG1/IgG, IgG2/IgG ratios (P < 0.05) (Table 3) . Similarly, compared with MCD patients, IgG4-RD patients presented with higher HGB, Eos, IgG4 levels, and IgG4/IgG ratio, and lower ESR, CRP, IgA, IgM, IgG1, IL-6 levels, and IgG1/IgG ratio (P < 0.05) ( Table 3) .
Thirteen of the 15 patients (86.7%) with IgG4-CD had elevated serum IgG4 levels. Four patients found anemia (adult man < 120 g/L, adult woman < 110 g/L, 6-to 14-year-old child < 120 g/L). Three patients were found hypoalbuminemia (< 35 g/L), and three patients presented with elevated serum IL-6 (3/7, 42.9%).
Clinical outcomes
Except for one patient who refused to receive drug therapy was untreated, the remaining patients with IgG4-CD all received glucocorticoid (GC) treatment. Patients with multiorgan involvement or in severe inflammatory condition were treated with both GC and immunosuppressive agents, and those who were with active disease but resistant to above regimen accepted biologics such as rituximab. Six IgG4-CD patients received initial corticosteroid monotherapy, with a median initial dose of equivalent prednisone of 40 mg/days (range 30-60 mg/days). Four patients failed in corticosteroid monotherapy and were added azathioprine, cyclophosphamide or rituximab. Eight IgG4-CD patients received combination therapy of immunosuppressants for the initial treatment, including cyclophosphamide and mycophenolate mofetil. Compared with the initial treatment of IgG4-CD and IgG4-RD patients, no obvious differences were found. Patients were followed up for 33 (4-56) months in IgG4-CD group, and 27 (3-60) months in IgG4-RD group. Follow-up time or intervals did not differ between the two groups. Compared with the poor prognosis of MCD reported in the literature, patients with IgG4-CD exhibited relatively favorable outcomes. The overall relapse rates during the whole follow-up period were 33.3% (including three clinical relapses, two clinical and serological relapses) and 20% (including nine clinical relapses) in IgG4-CD and IgG4-RD patients, respectively (P > 0.05). Higher doses of glucocorticoids or alternative immunosuppressants were used to treat relapsed disease in IgG4-RD group. The fluctuation of serum ESR, CRP, IgE, and IgG4 levels during follow-up are shown in Fig. 2 .
Discussion
To the best of our knowledge, this study is the first relatively big case series to compare the comprehensive clinical characteristics of IgG4-CD and IgG4-RD or MCD, due to the rarity of the three diseases' condition. We defined patients who synchronously exhibited pathological features of IgG4-RD and CD as IgG4-CD. In China's largest prospective IgG4-RD and Mimicry study cohort, 15 patients who fulfilled the criteria were found. All of them were human immunodeficiency virus (HIV) negative. The entanglement of IgG4-RD and CD has a long history. Both the two diseases can involve multiple organs and may have similar clinical and pathological manifestations, such as elevated serum IgG4 and IgG4-positive plasmacyte infiltration in the affected tissue, causing the differential diagnosis Fig. 1 Presenting symptoms and basement organ involvement of IgG4-CD, IgG4-RD, and MCD patients. a Presenting symptoms of the three groups of patients. b Organ involvement of the three groups of patients. *P < 0.05; **P < 0.01 of the two diseases in a real dilemma. Lots of efforts had been made at this point to separate the two diseases. It had been reported that orbits, lacrimal glands, salivary glands, pancreas involvement, and complicating allergic disorders were more common in the IgG4-RD patients, whereas the levels of serum IL-6, ESR, CRP, and IgA were significantly higher in the CD patients [12, 13] . Moreover, CD patients had more anemia, hypoalbuminemia, hypocholesterolemia, and thrombocytosis [13, 14] . In the present study, MCD patients presented with higher incidence of fever and LN involvement, and higher levels of ESR, CRP, IgA, IgM, IgG1, IL-6, and IgG1/IgG ratio than IgG4-RD patients, while IgG4-RD patients exhibited elevated incidence of allergic disease history and salivary gland involvement, and higher levels of HGB, Eos, IgG4, and IgG4/ IgG ratio than MCD patients. Same as MCD, all IgG4-CD patients had lymph node enlargement (100%); however, IgG4-CD patients presented more frequent involvement of lacrimal gland, submandibular gland, and paranasal sinus, higher HGB, Eos count, serum IgG4 level, and IgG4/IgG ratio, and significantly lower CRP, IL-6 levels, and IgG1/ IgG, IgG2/IgG ratio than MCD patients. In addition, there was no difference in allergic disease history between IgG4-CD and IgG4-RD patients. However, IgG4-CD patients had significantly elevated ESR, CRP, IgG, IgG1, IgG3, IgG4, and IgE levels, as compared to IgG4-RD patients. Thirteen patients with IgG4-CD had elevated serum IgG4 levels. Three patients (Nos. 7/11/14) with normal HGB were found elevated serum IL-6, and two of them had slightly decreased serum albumin (Nos. 7/14). Clinically, IgG4-CD patients look more like CD at first glance. But they also had significantly higher incidence of salivary gland involvement, elevated levels of IgG4 and IgE, which are typical characteristics of IgG4-RD. Four out of seven IgG4-CD patients' tested IL-6 levels were normal. However, it is been universally acknowledged that elevated IL-6 is a characteristic of CD. Therefore, it is hard to phenomenologically classify these IgG4-CD patients as CD or IgG4-RD. Pathologically, a number of studies had expounded the differences between IgG4-RD and CD. One study in Korean pathologically analyzed 87 CD patients and found that the mean IgG4+/IgG+ plasma cell ratio was 25.1% [15] . Sato et al. [16] reported that the mean IgG4+/IgG+ plasma cell ratio was 57.6% in IgG4-RD patients. They proposed that pathological differentiation of IgG4-RD and CD from lymph node specimens are as follows [16, 17] : (1) the germinal centers of patients with CD were small and regressive, while those of IgG4-RD were normal-hyperplastic; (2) CD showed mature plasma cell sheet-like proliferation in the interfollicular area where IgG4-RD showed proliferation of mature plasma cells with plasmacytoid cells and immunoblasts; (3) IgG4-RD revealed eosinophil infiltration but CD did not. In IgG4-RD patients, the lung lesion was located within the perilymphatic stromal area, and IgG4+/IgG+ cell ratios, eosinophil counts, the extent of active fibrosis, and the number of intravascular lesions were greater. In CD patients, the lung lesion concentrated mainly in the alveolar area besides the perilymphatic stromal area with greater lymphoid follicles [14] . We reviewed the pathological reports of our IgG4-CD patients and found abundant lymphocytes and plasmacyte infiltration in all patients; two patients (Nos. 6/10) showed eosinophil infiltration; four patients (Nos. 2/10/13/15) recorded fibrosis; and two patients (Nos. 10/15) documented obliterating phlebitis.
Our study raises another interesting point regarding the prognosis of IgG4-CD. IgG4-RD usually responds well to glucocorticoids. MCD is somehow a life-threatening disease, and its prognosis is completely different from that of IgG4-RD [16] . The prognosis of IgG4-CD remains unclear, but some studies brought hints that these patients may respond well to glucocorticoids and immunosuppressants. In 2009, Sato et al. [16] examined clinical and pathologic findings of nine patients with systemic IgG4-related lymphadenopathy, three of whom showed CD-like features and one with significantly elevated IL-6. All these three patients were untreated after surgery and remained stable during the follow-up (8-25 months). In 2010, Kojima et al. [18] reported three CD cases of retroperitoneum involvement, with immunohistochemical study demonstrating IgG4(+) plasma cells accounting for more than 50%, two of them with elevated serum IgG4 concentration and normal serum IL-6 levels. One patient responds well to steroids. Two patients were untreated after resection. All three patients were stable during the follow-up period (6-22 months). In 2011, Takenaka et al. [19] described a patient with systemic IgG4-RD whose histopathology mimicked CD was successfully treated with corticosteroids. In 2012, Takeuchi et al. [20] reported a 55-year-old Japanese woman with a 4-year history of sarcoidosis developed IgG4 levels in the two groups of patients during follow-up. n, the number of patients in IgG4-CD and IgG4-RD groups shown in different colors erythematous and brown plaques on her back, and she was diagnosed as MCD from a skin biopsy. Laboratory studies revealed anemia, hypoalbuminemia, polyclonal gammaglobulinemia, elevated CRP, and elevated serum IL-6 level. However, serum IgG4 level was remarkably elevated, and the mean IgG4-/IgG-positive cell ratio in her tissue specimens was > 40%, fulfilling the diagnostic criteria of IgG4-RD. Following systemic steroid therapy, the plaques resolved and there was no recurrence observed in 4 months of follow-up. In 2013, Ogoshi et al. [12] reported six CD patients achieved IgG4-RD criteria, four responding well to glucocorticoid monotherapy, one patient with mild disease not receiving any treatment, and one having no response to corticosteroids or repetitive worsening of the symptoms during the tapering of corticosteroids, after being added cyclosporine, following 33 months alive. Very recently, Mochizuki et al. [21] reported a 59-year-old male who was histopathologically diagnosed as CD from his skin lesion with elevated CRP and IL-6 levels, oral prednisolone (PSL) initiated at 0.5 mg/kg relieving his symptoms, but the laboratory data did not improve. After 4 years, he developed lacrimal and salivary gland swelling; histopathological findings in a dacryoadenectomy specimen showed that IgG4+/IgG+ plasma cell ratio was 70%; finally he was diagnosed as IgG4-RD; and rituximab combined PSL treatment were used. Two years after rituximab treatment, the patient's disease was stable with PSL (0.2 mg/kg). Izumi et al. [22] reported a 50-year-old woman with characteristic feat u r e s o f M C D , i n c l u d i n g p o l y c l o n a l hypergammaglobulinemia, multiple enlarged lymph nodes, and pulmonary interstitial infiltration, with elevated serum IgG4 level and a 37.3% IgG4+/IgG+ plasma cell ratio in her biopsy specimen, while without organ involvement of IgG4-RD, corticosteroid treatment resolved the serological and imaging abnormalities. The 14 IgG4-CD patients in present study showed relatively favorable response to glucocorticoid and immunosuppressant therapy, one untreated IgG4-CD patient was stable, during a 33 (4-56)-month follow-up, and this was the same as those reported in the literature.
Our study has some limitations. Although we included patients diagnosed with pathological IgG4-CD in the largest IgG4-RD and Mimicry cohort in China, our results may be affected by institutional bias due to the nature of the singlecenter study. Secondly, the pathological reports in our hospital were not detailed enough and the biopsy specimens were unaccessible; thus, we failed to do a pathological comparison.
In conclusion, patients with IgG4-CD showed features of both IgG4-RD and MCD. Significantly elevated inflammatory markers in IgG4-CD group patients are similar to those of MCD patients, but those patients also exhibited favorable outcomes as if they were IgG4-RD. It is hard to tell whether it is an overlap, or a subtype of IgG4-RD or CD; therefore, a large cohort study is needed.
